Introduction
During human fetal development, the hepatic and hematopoietic systems are intertwined.
The liver forms from an endodermal outgrowth of primitive foregut around the third to fourth week gestation (1) . Hepatoblasts, the pluripotent cells of the outgrowth, give rise to both hepatic and biliary cells. They form a double-layered cylinder of cells called the ductal plate. The ductal plate cells migrate into surrounding mesenchyme to form intrahepatic bile ducts. Those cells not in contact with the portal mesenchyme differentiate into hepatocytes (1) . During the fifth week of human gestation hematopoiesis moves from the yolk sac and/or adreno-gonadal-mesonephric (AGM) to the liver. The liver is the principal hematopoietic organ in the human fetus from the 6 th week through mid-gestation (2) . During this time, hematopoietic stem cells can be isolated from human fetal liver. In the adult liver, hematopoiesis can re-emerge during times of extreme stress.
It is because of this intertwining of the hepatic and hematopoietic systems that a common stem cell has been proposed.
In both animal and human studies, multipotent hepatic stem cells have been shown to exist within the liver. Both ductal plate cells, during fetal development, and the hepatic oval cells, the presumed hepatic progenitor cells seen during liver regeneration, are at least bipotential. They are able to differentiate into both hepatocytes and biliary cells. Oval cells, observed during liver regeneration, proliferate when liver damage is severe with widespread hepatocyte necrosis or when hepatocyte proliferation is prevented by exposure to hepatotoxins.
The oval cells appear initially in the periportal region around the biliary ductules of liver lobules, and then appear to migrate into the hepatic parenchyma. They are described as small and ovoid, with scant cytoplasm. Both ductal plate cells and oval cells express CD34, which is also expressed on hematopoietic stem cells (3) (4) (5) (6) . Activated oval cells also express CD117 (c-kit) and (11) . In humans, repopulation of the liver with male donor cells was seen in female bone marrow transplant patients who received male donor hematopoietic cells. In addition, male patients undergoing liver transplantation with a female liver had evidence of male cells within the liver (12) . These findings indicate that colonization of the hepatic system can occur from other tissues, possibly from cells of hematopoietic origin.
Recently, bone marrow cells have been shown to fuse with cells of other tissues (13) (14) (15) . In the liver, hematopoietic cells after cell fusion adopt a more hepatocyte-specific profile and loose hematopoietic markers (16) . The development of these "transdifferentiated" cells is believed by some to represent the pathway for which the hematopoietic and hepatic systems intertwine. If the and CK7/8 was proposed as a candidate common-stem cell of the hepatic and hematopoietic lineages (6) . Our aim in this study was to further characterize this presumed common-stem cell population and to assign its position in the hierarchy of hematopoietic, hepatic and/or biliary cells.
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Materials and Methods

Isolation of fetal liver cells
Livers were harvested from mid-gestation fetuses after elective abortions and were obtained with maternal consent. Gestational ages were estimated based on foot length and ranged from 17 to 23 weeks for the tissue analyzed in this study. Research was performed with approval of the Committee of Human Research at our institution.
The CD34 + CD38 -population of fetal liver cells, known to be enriched for hematopoietic stem cells (17, 18) , was isolated as previously described in detail (19) . For phenotypic analysis, fetal liver cells were isolated by a modification of the previously described protocol. Livers were physically dissociated and CD235a + erythrocytes were depleted using immunomagnetic beads, thereby enriching the remaining cell types that comprise the fetal liver. Additionally, the previously described procedure was modified by reducing the g-force used during centrifugation steps to 50x g, to better maintain the viability of delicate hepatic cells. Furthermore, the density fractionation and second immunomagnetic-bead depletion steps were omitted.
CD34
+ NGFR + CD45 -cells were isolated by flow cytometry using the above modified-technique in conjunction with surface staining with CD45-fluorescein isothiocyanate (FITC), NGFRphycoerythrin (PE) and CD34-PE-cyanine 5 (PC5).
Flow cytometric analysis of cell surface and intracellular antigens
Cells were suspended in 1 ml of blocking buffer prior to staining. Blocking buffer consisted of a base buffer of PBS with 0.3% BSA and 50 µg/ml gentamicin (PBS/BSA) to which 0.01% NaN 3
(Sigma Chemical Corp., St. Louis MO) and 5% mouse serum (Gemini BioProducts, Woodland, California, USA) were added. The polyclonal antibodies and monoclonal antibodies (mAbs)
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Cells were separated into aliquots of 5 Two distinct populations of CD34 + cells were observed, those staining for CK7/8 ( Fig. 1, R2 ), and those not staining for CK7/8 ( Fig. 1, R3 ). The latter population represents hematopoietic progenitors and stem cells previously described, which are characterized by a low side-light scatter and low to moderate forward-light scatter (18, 20, 21 and in the presence of these cytokines large numbers of non-adherent cells were generated. In some cultures, a few adherent cells were observed that morphologically resembled hepatocytes ( Fig. 3A and B ), but the possibility that these cells could be hematopoietic in origin could not be excluded. Analysis of which cytokine was responsible for the presence of the adherent cells indicated that VEGF supported the generation of the adherent cell population. Large numbers of adherent cells were generated in cultures containing VEGF+KL (Fig. 3B) (36) and in the fetal liver expression of CD59 begins at 6 weeks gestation (37) . CD59 is distributed among both endothelial and hematopoietic cells but not on hepatocytes (38) . CD34 + CK7/8 + cells expressed desmin, which is widely expressed on non-hematopoietic cells in the liver during development. Only once the liver is fully mature, however, is desmin localized primarily in stellate cells (29) . Expression of desmin on CD34 + CK7/8 + cells indicated that these cells were either ductal plate or stellate cells (29) .
Hepatic stellate cells have been shown to be an source of several neurotrophins and express neurotrophin receptors (27, 28, 39) . Although hepatocytes may express low levels of NGFR (40), no other liver cell has been reported to have high expression. The function of NGFR on stellate cells is unknown. Expression of NGFR on stellate cells is hypothesized to support tissue growth, differentiation and/or migration of these cells (27 
